Transcr1pt1onal regulation of the fibronectin gene Is a major mechanism for lowering steady-state levels of fibronectin mRNA In chick embryo fibrobiasts (CEF) transformed by Rous sarcoma virus (RSV) (1).
INTRODUCTION
Transformation of cultured chick embryo fibrobiasts (CEF) by Rous sarcoma virus (RSV) causes several cellular alterations that Include the loss of a major cell surface protein, fibronectin (2, 3) . The src gene product, p60src f a phosphoprotein with a molecular weight of 60,000 daltons (5-7), has been Implicated 1n the transforming activity of the RSV (2, 4) . Cells Infected with temperature-sensitive mutant viruses of RSV (8, 9 ) have a normal phenotype at the non-permissive temperature (39°C to 41°C) but undergo rapid morphologic and metabolic changes when shifted to the permissive temperature (34°C to 36°C).
Our laboratory has been studying the mechanism of fibronectin loss that follows transformation. While fibronectin protein levels diminished 5-to 10-fold on transformation of CEF by RSV (10), Fagan et a! reported an 8-to 10-fold decrease In the steady-state level of fibronectin mRNA 1n RSV-CEF (11) . To elucidate the mechanism of decrease of fibronectin mRNA levels following transformation, we used a runoff assay (12) to measure the transcriptional activity of the fibronectin gene. This was made possible by the availability of genomic clones spanning the entire chick fibronectin gene (13) . Our data Indicated that transcriptional regulation of the fibronectin gene 1s the principal mechanism by which steady-state levels of fibronectin mRNA are lowered 1n RSV-CEF (1) . To learn more about the mechanism of regulation 1n the present study, we have used nuclei Isolated from CEF Infected with ts68, a temperature-sensitive mutant of the Schm1dt-Rupp1n strain of RSV (3) . The data presented below Indicate that the transcriptionai activity of the fibronectin gene 1s modulated by src gene function and can be raised or lowered ~5-fold over a 5-to 10-hour period by culturing the cells at either the non-perm1ss1ve or the permissive temperature, respectively.
MATERIALS AND METHODS

Cells and viruses
CEF were grown routinely at 39°C 1n Gti medium (14) 
Isolation of nuclei
Nuclei were Isolated by lysis of cells In hypotonic buffer as described earlier (15) . They were quick-frozen and stored 1n aliauotes at -70C. Frozen nuclei were transcriptionally active after storage for at least 3 months.
Runoff transcription assay
The assay was performed as described earlier (1, 15) 
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B. DOWNSHIFT (41°C-35°C)
Nuclei from gene activity 1s due directly or Indirectly to the action of the src gene product. In ts68-CEF, there was approximately a 1.7-fold Increase 1n actinspecific hybridization signal 15 hours after shift-up to 41°C. However, at the 10-hour time point when the Increase 1n f1bronect1n-spec1f1c activity was very apparent, no change In actin gene activity was observed. Actin genespecific and src gene-spedf1c hybridization signals remained almost unchanged over a period of 20 hours after shift-up to 41"C 1n the CEF and RSV-CEF controls following upshift. Decrease 1n transcriptional activity of the fibronectin gene after shift to the permissive temperature Ts68-1nfected CEF were cultured at 41°C for 24 hours, during which period the cells looked untransformed under the phase-contrast microscope. They were shifted from 41 °C to 35°C at 5-hour Intervals and nuclei were Isolated at each time point after temperature shift. Runoff.nuclear transcription assays were performed as described earlier. Autoradiograms from four separate experiments were scanned to quantitate the decrease In hybridization signal Intensity observed upon shift of ts68-CEF from 41°C to 35°C. The signal Intensities varied between 5-8% for the four experiments. The average values are shown graphically 1n Figure 4 . With the 5' fibronectin probe, FC40, a 5-fold decrease 1n hybridization signal Intensity was observed 5 hours after shift to 35°C, the earliest time point examined. After 10 hours of shift, the signal Intensity was only 5.6% of the signal obtained with RNA from cells maintained at 41°C throughout (equivalent to an 18-fold decrease In transcriptional activity). With FC32, the fibronectin probe mapping In the middle of the gene, an approximately 4-fold decrease 1n hybridization signal Intensity was observed 5 hours after shifting cells to 35°C. After 15 hours of shift to 35°C, the fibronectin signal Intensity was 6% of that obtained with cells maintained at 41 °C throughout (equivalent to an 17-fold decrease In transcriptional activity). In contrast, actin and src hybridization signals did not decrease consistently after shifting ts68-CEF to 35°C. In summary, fibronectin transcription 1n- Figures 3 and 4) . This suggests that protein synthesis may be essen-*" t1al for the resumption of the fibronectin gene transcription following the shift of cells from 35°C ~ 41°C. Experiments conducted with protein synthesis Inhibitors may help In clarifying this point. Nevertheless, the ability to control fibronectin gene activity 1n ts68-CEF by switching the temperature of Incubation points towards the reversibility of p60 src action on the transcription apparatus and/or chromatin templates. In this context 1t Is worth reiterating that we did not observe any substantial change 1n the transcriptional activity of the src gene 1n ts63-CEF at either 35°C or 41°C (Figure 2 ). This confirms that the temperature-sensitive lesion 1n the src gene of the ts63 alters the src protein without affecting src mRNA synthesis rates.
The transformed phenotype Includes changes 1n cell shape, surface membrane ruffling, Increased glucose transport, Increased p60 src -associated kinase activity, loss of actin cables and decreased synthesis of two major cell proteins, fibronectin and collagen, and their corresponding mRNAs (3). An Immediate Increase 1n protein kinase activity accompanies the shift of these cells to the permissive temperature (17) strongly suggesting that It Is an essential activity of p60 src and 1s required for transformation. Changes 1n cell shape, vacuole formation and surface membrane ruffling manifest themselves within 30-60 minutes of shifting cells to 35 C C (3, 18, 19) . However, decrease In protein and mRNA levels of fibronectin and collagen take longer. When ts68CEF and BHTa-CEF were cultured at 35°C and then shifted to 41°C, there was a 10 hour lag before steady-state levels of fibronectin mRNA and pro al and pro <£. (type I) collagen mRNAs Increased to normal over a 15-hour period (11, 20) . We have been able to demonstrate 1n this communication that fibronectin-spedfic RNA synthesis Is not rapidly modulated 1n shift-up and sMftdown experiments. Appreciable changes 1n fibronectin gene activity occur only after a lag of several hours, suggesting that the action of p60 src on fibronectin gene activity Is Indirect.
